do not interfere with the product characteristics. Sales of this product in Brazil in 2003 were around 31,000 tons, equivalent to $ 53,000 or R$ 154,000 (AC, 2004) .
Sucrose is generally considered as a reference for sweet taste of foodstuffs in general, due to its sensory profile and functional properties, which may influence the body and texture of the final product. The replacement of sugar in foods and beverages is normally performed through the use of artificial sweeteners, which can also be combined with bulking agents (KILCAST, 2002) .
Sweeteners are key ingredients in the development of diet/ light goods, to maintain the typical and pleasant sweet taste usually given by sucrose, without adding the calories that sugar does. In the case of ketchup, to which relatively high amounts of sugar are typically added, the use of sweeteners is an interesting tool to reduce calories and provide light versions. On the other hand, the acceptance of a light product by consumers demands that the added sweetener presents, as much as possible, the same characteristics of sucrose. Sensory analysis is extremely important in such a task, as it allows the understanding of many aspects, such as the sweetness intensity of a compound in comparison to sucrose, typical taste profile in different foodstuffs, consumer acceptability and so on.
The Quantitative Descriptive Analysis (QDA) methodology (STONE et al., 1974 ) is one of the most used descriptive approaches and provides a complete word description for all the sensory properties of a product (STONE; SIDEL, 1993) . In such a methodology, non structured linear scales are used to describe the intensity of rated attributes, with fixed verbal endpoints. Training sessions are previously performed, where 10 to 12 judges are exposed to as many possible variations of the product under study as possible and, through consensus, a standardized vocabulary is developed to describe the sensory differences among the samples, including reference standards and/or verbal definitions that should be used for the descriptive terms. The actual product evaluations are individually performed by each judge. The resulting data can be analyzed statistically, using Analysis of Variance and multivariate statistical techniques (LAWLESS; HEYMANN, 1999) .
The QDA methodology was used for ketchup evaluation by Porreta (1991) (BRASIL, 2005) , to compare eighteen different commercial products from Italy and the USA, regarding both physicochemical properties and sensory profile. According to the author, this method was useful in describing the differences among the various products evaluated. Porreta e Birzi (1995) used QDA to study the effect of storage temperature on the shelf-life of ketchups produced with two different vinegars (spirit and wine). QDA was also performed by Varela et al. (2003) to evaluate the effect of different thickening agents on the texture of ketchup and, in this study, sensory and instrumental measurements were correlated.
Ketchup of uniform color, consistency and flavor can only be produced by controlling the quality and amount of each ingredient used in the formulation. The typical tomato flavor and consistency of the finished product depend largely on the tomato solids used in each batch. In general, the physicochemical methods of analysis used with ketchup are similar to those applied for tomato pulp (GOULD, 1992) . The main analysis that are usually performed to evaluate such products are: total solids, soluble solids, water insoluble solids, ascorbic acid, color, consistency, pH, acidity, sugar and salt (sodium chloride) (DENNY, 1997; GOOSE; BINSTED, 1973; HAYES; MORRIS, 1998; PORRETA et al., 1993) .
According to the World Health Organization (WHO), the intake of free sugars in excessive amounts represents a risk to the nutritional quality of the human diet, as they provide high amounts of energy, without adding nutrients. The recommendation is that the intake of free sugars represents not more than 10% of the total energy intake (WHO, 2003) . Additionally, obesity represents at present one of the main concerns in terms of public health. The world population of obese people was estimated in 300 million in 2005 (WHO, 2005 .
Ketchup was chosen for this evaluation as it is a popular food in Brazil and typically rich in sucrose, so it is very important that versions with less or no sugar are available for the consumers who care about health or need to reduce sugar in the diet. The sensory and physicochemical evaluation of the light ketchups currently available in the Brazilian market will provide a better knowledge of such kind of product and, if associated to consumer acceptance information, can help food developers to deliver reduced-sugar or sugar-free versions that really meet consumers' expectations.
The objective of this study was to compare the sensory profile, through Quantitative Descriptive Analysis (QDA) and physicochemical characteristics of 4 commercial ketchups, one sweetened with sucrose and 3 sweetened with high intensity sweeteners (aspartame; acesulfame-K; cyclamate/saccharin/stevia). These samples were assessed in a previous study performed by Bannwart et al. (2006) regarding time-intensity characteristics and consumer acceptance. The present study aimed to complement the previous one, as no studies were found in the literature in terms of the performance of different high-intensity sweeteners in this kind of product using QDA.
Materials and methods

Samples
The commercial samples evaluated in the present study were one regular and three light ketchups, purchased in supermarkets in the city of Campinas, SP -Brazil, as described bellow:
• Brand 1: regular ketchup, sweetened with sucrose;
• Brand 2: light ketchup, sweetened with aspartame;
• Brand 3: light ketchup, sweetened with acesulfame-K; and
• Brand 4: light ketchup, sweetened with cyclamate, saccharin and stevia.
Sensory analysis
Pre-selection of panelists
A group of eleven women were pre-selected for the descriptive analysis, based on their previous experience in evaluating ketchup and their ability to discriminate sensory differences in this kind of product. All of them were accustomed to evaluate tomato products through QDA analysis for several years, so no pre-selection analyses were performed.
Development of descriptive terminology
The pre-selected judges met 4 times to develop the sensory describing terms to be used in the definitive tests. In this step, the Repertory Grid Kelly's Method (MOSKOVITZ, 1983) was used in an open discussion. Samples of regular and light ketchups were evaluated in pairs and their similarities and differences were reported in a form.
After the generation of the describing terms, an evaluation form composed of non structured 10 cm scales, one for each descriptive sensory term, was elaborated. Through consensus, the group defined reference materials to help in the identification of all sensory characteristics of the products and to anchor the extreme points of the intensity scales.
Selection and training of the definitive panel
The pre-selected panel was trained for the accomplishment of the Quantitative Descriptive Analysis (STONE; SIDEL, 1993). Three training sessions were conducted, when the judges reviewed the definitions of the sensory describing terms and the references developed, and then evaluated different samples of regular and light ketchup, to fix the sensory memory and to practice using the developed form.
In order to select the definitive panel for the Quantitative Descriptive Analysis, tests were applied to all the judges using the form with the intensity scales for the sensory terms developed in the previous step. The final judges were selected based on their capacity to discriminate among different samples, repeatability and agreement with the group (DAMÁSIO; COSTELL, 1991). Analysis of Variance of 2 factors (sample and repetition) was performed for each panelist with respect to each attribute and the judges were selected according to values of significant F sample (p < 0.30) and non significant F repetition (p > 0.05). For this selection, the 11 candidates evaluated the 4 samples of commercial light ketchups in 3 repetitions, with respect to the pre-determined attributes. The agreement of the sensory panel was also verified in this step: the judges' individual means should be similar among each other and also close to the panel's means for all the evaluated attributes and the interaction sample x judge should be non significant (p > 0.05).
Sensory analysis
The selected and trained panelists participated in the sensory tests of the regular and light ketchups under study, when the products were assessed in individual booths. The samples (5 mL each) were served in plastic cups coded with 3 digits.
All the products were evaluated in monadic presentations, in 4 random repetitions.
Data analysis
The final selection of panelists for the Quantitative Descriptive Analysis was through a two-factor Analysis of Variance (sample and repetition) for each individual with respect to each attribute (MEILGAARD, 1999) . The judges with significant F sample values (p < 0.30) and non significant F repetition values (p > 0.05) were selected. The data obtained through QDA were evaluated using Analysis of Variance (ANOVA), the Tukey test of averages and Principal Component Analysis (PCA). All the statistical analyses were carried out using the SAS program (SAS, 2003) .
Physicochemical analyses
The four samples of ketchups submitted to sensory analysis were also assessed for their physicochemical profile. Three samples of each brand were analyzed regarding the following parameters:
• pH: measured using a Model B474 (Micronal) digital pH-meter, according to AOAC method 981.12 (AOAC, 1996);
• Acidity: determined as acetic acid, by titration, following AOAC method 935.57 (AOAC, 1996);
• Salt: determined by direct titration (Mohr) method, as described by Goose e Binsted (1973);
• Consistency: using a Bostwick consistometer, by measuring the flow of undiluted product in 30 seconds, at room temperature, as described by Goose e Binsted (1973);
• Hunter color: measured using a Model D25 A Optical Sensor Hunterlab colorimeter (Hunter Associated Laboratories, USA), in terms of L, a, b and TCS (Total Catchup Score -TCS = -74.937 + 7.5172a -0.1278a² -0.8051b) (GOOSE; BINSTED, 1973);
• Soluble solids (Brix): measured using a Model 10460 (American Optional, USA) ABBE refractometer, according to AOAC method 970.59 (AOAC, 1996) ; and
• Total solids: determined using a Smart System 5 (CEM) equipment, according to AOAC method 985.226 (AOAC, 1996) .
Results and discussion
Sensory analysis
The 11 pre-selected candidates were selected for the definitive tests, based on their ability to discriminate samples (p F sample < 0.30) and repeatability (p F repetition > 0.05). The results of this selection are shown in Tables 1 (F sample ) and 2 (F repetition ). The previously approved judges, based on the values of F sample and F repetition , were definitively selected, as no discrepancies were observed among them. overripe tomato flavor. For these two attributes, all the means were zero or close to zero.
In terms of appearance and oral texture, sample 1 (formulated with sucrose) showed higher means for color, consistency (both visual and oral), gumminess and mouthfeel. Sample 2 (sweetened with aspartame) exhibited higher means for sandiness (visual and oral) and astringency and sample 4 (sweetened with a blend of cyclamate, saccharin and stevia) presented the highest mean for brightness. In the attributes sweetener and bitter aftertastes, sample 3 (formulated with acesulfame-K) and 4 were the ones that presented the highest means. Syneresis was not noticed in any of the samples evaluated and, regarding The sensory describing terms developed by the judges, used for the final assessment of the ketchup samples, are presented in Table 3 , together with the definitions and references established for such terms. The attributes developed were divided in 4 main groups: appearance, oral texture, aroma and flavor.
The mean scores for each sample regarding the attributes evaluated are shown in Table 4 . The results of the Principal Component Analysis (PCA) are presented in Figures 1 (appearance and oral texture) and 2 (aroma and flavor). As it can be observed from Table 4 , all the ketchup brands evaluated had very different sensory profiles. It can be observed that the samples presented significant differences in all attributes, except for syneresis and astringency, the behavior of all samples was quite similar, the highest mean presented by sample 2 and only samples 2 and 4 exhibiting a significant difference in this attribute.
With respect to aroma and flavor, sample 1 was considered saltier only in comparison to sample 4. Also, this sample was sweeter and with more tomato and spice flavor than the three light samples. Sample 2 showed the highest mean for clove aroma and pepper flavor. In the attributes bitter and sweetener, higher means were observed for samples 3 and 4. Samples 1 and 2 presented lower means for these attributes and differed significantly from the other samples.
Despite the differences in the overall sensory profile observed among the different brands of ketchup evaluated in this study, the sample sweetened with aspartame (sample 2) was the most similar to the regular ketchup (sample 1) with regard to the attributes related to sweetener flavor and sweetener/bitter aftertaste. A similar conclusion was reported by Bannwart et al. (2006) , through time-intensity and preference studies, performed with the same samples.
Comparing the results of a consumer acceptance test also performed by Bannwart et al. (2006) with the same commercial samples of ketchup evaluated in the present study, one can conclude that strong red color, high consistency and mouthfeel, pronounced sweet taste, tomato taste and spices are desirable characteristics for ketchup, while sweetener and bitter tastes and aftertastes are negative aspects related to the product's acceptance.
Not many studies related to the sensory evaluation of ketchup are available in the literature consulted and none was found on sweeteners in such an application.
Porretta e Birzi (1995) used QDA to evaluate two different ketchups, one formulated with wine vinegar and the other with spirit vinegar, during their shelf-life at different temperatures. The attributes evaluated in such study were: sucrose, fructose, consistency, glucose, volatile acidity, glutamic acid and total acidity, which were considered the most relevant for this kind of product. Based both on the QDA and physicochemical results, the authors concluded that the wine-vinegar ketchup had a shorter shelf-life than the spirit-vinegar product. Also, uncontrolled storage conditions significantly shortened the shelf-life of the products. Varella et al. (2003) evaluated the effect of different thickeners on ketchup texture, through both instrumental and sensory analysis (texture QDA). Samples with higher concentrations of guar and xanthan gums, as well as their combination, scored higher in desirable sensory attributes in ketchup. With the data collected for the four commercial samples of ketchup, Principal Component Analysis (PCA) was performed. The results are shown in Figures 1 and 2 , for the attributes related to appearance and oral texture and for aroma and flavor, respectively.
Regarding appearance and oral texture, principal components 1 and 2 explained, respectively, 54.6 and 33.9% of the variability among the samples. Sample 1 was characterized by the attributes consistency (visual and oral), mouthfeel, color and gumminess. Sample 2 was characterized by sandiness (visual and oral) and astringency. The attributes that characterized sample 3 were particles and bitter aftertaste. Sample 4 was characterized by brightness and sweetener aftertaste.
In terms of the attributes related to aroma and flavor, 50.2% of the variability among the samples was explained by component 1 and 34.2% by component 2. Samples 1 and 2 were characterized by most of the attributes, mainly tomato, spices, acid, vinegar, pungent salty and sweet (in the case of sample 1) and clove aroma, cinnamon, nutmeg, cloves, sweet and pepper (in the case of sample 2). Samples 3 and 4 presented similar behavior and were characterized by bitter and sweetener tastes.
It can be observed that the four samples evaluated showed distinct sensory profiles, mainly regarding the attributes related to appearance and oral texture.
Physicochemical analyses
The results of the physicochemical analysis are shown in Table 5 . The samples analyzed were very similar regarding pH, with the highest mean observed for sample 4, which also presented a much lower acidity compared to the other samples. The remaining 3 samples presented very similar means for acidity. These observations are in agreement with the sensory results. Samples 2, 3 and 4 were very similar regarding salt content, but sample 1 showed a higher mean for this parameter, compared to the other 3 samples, which is also in accordance with the sensory results.
In terms of consistency, sample 1 presented the lowest Bostwick mean, followed by sample 2, while the other 2 samples had similar results for this parameter. The same observations were made in the QDA. Regarding solids content (both soluble and total), proximate results were observed for samples 1 and 2, but lower means were observed for the other 2 samples.
Regarding color, samples 1 and 2 were very similar in all parameters. Sample 3 presented higher means for the parameters L and a (lighter, with a stronger red color) and also the highest mean for b (more yellow) compared to the others. Sample 4 exhibited the lowest means for all the color parameters evaluated. In the sensory evaluation, all the 4 samples differed significantly, sample 1 being the darkest one, followed by 4, 2 and 3.
Conclusions
The sample sweetened with sucrose stood out against the samples formulated with sweeteners in the attributes related to appearance, as being more consistent, darker and gummier. This same sample presented more tomato taste than the others.
Regarding the attributes related to sweeteners, which are of great importance in this study, the samples formulated with acesulfame-K and with the cyclamate/saccharin/stevia blend showed a significantly higher perception of sweetener aftertaste, compared to the sample formulated with aspartame. In terms of bitter aftertaste, the sample with added acesulfame-K was the one that exhibited the highest perception. Finally, the sample formulated with the blend showed the highest score for sweetener taste, followed by the samples sweetened with acesulfame-K and aspartame, respectively. One can conclude that out of the three light ketchups evaluated in the present study, the one formulated with aspartame was less characterized by the attributes related to sweetener perception, when compared to the other two samples.
The physicochemical results were, in general, in line with the sensory results, mainly regarding salt content, acidity and consistency.
It is important to point out that the overall differences observed among the products evaluated are directly related to differences in their formulations, as each of them is produced by a different company. In this aspect, it is important to mention that up to now the Brazilian regulatory authorities have not developed a standard for light ketchup and, due to this, a wide variety of formulations of light ketchup are available on the market. From the results of the present study and, considering the specific formulation of each sample evaluated, that can interfere in some of the sensory attributes, one can conclude that the sweetener that seems to better replace sugar in such an application is aspartame. The same conclusion was also obtained in the previous study performed by Bannwart et al. (2006) .
